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INVESTIGATION  OP  THE  POSSIBILITY  OP  USING 
A  NONHOl^GEHEOUS  MAGNETIC!  PIEIJ5  POR  THE 
PORl‘I/lTION  OP  HIGH-DENSITY  ELECTRON  BEAMS  . 

/The  following  is  the  translation  of  an  article 
by  YU.V.Troltskly  in  ”2aiumal  fekhnlcheskoy 
Plzlkl“  (Journal  of  Technical  Physics)  ,Vol.XXX, 

No  5t  1960»  pages  512-  521^7 

Olven  are  experimental  data  on  the  influenoe  of  the 
magnetic  field  on  the  oharaoterlstlos  of  the  Pierce  typo 
axially  symmetrical  electron  gun  vlth  a  oonvergent  beam. 
The  gun  IS  enclosed  between  magnetic  screens  of  such  a 
configuration,  that  the  magnetic  force  lines  follow  the 
calculated  electron  trajectories.  Ihls  system  permits  the 
formation  of  electron  beams  with  a  high  oompresslon  and 
sharply  outlined  boundaries, since  at  some  magnitudes  of 
the  magnetic  field  the  influence  of  the  thermal  velocl  - 
ties  of  oleotrons  at  the  cathode  Is  eliminated.  The  re 
suits  of  experiments  are  compared  with  the  preTlously  pro- 

posed  theory# 
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Tntroduotlon  » _ 

In  the  previous  article  /l/  a  system  vas  investi¬ 
gated  for  the  formation  of  hl^-denslty  electron  beams  . 
conslstlns  of  an  electron  gun,looated  in  a  magnetic  field, 
the  force  lines  of  which  along  the  whole  gun  length  are 
directed  along  the  trajectories  of  the  electrons  leaving 
the  cathode  with  zero  initial  velocity.  In  this  case  the 
magnetic  field  acts  upon  the  movement  of  those  electrons 
of  the  beam  only.whlch  leave  the  cathode  with  some  thermal 
velocities.  In  the  usual  electrostatic  electron  guns  these 
thermal  electrons, together  with  the  aberrations  are  one 
of  the  basic  factors  worsening  the  parameters  of  the 
beam  and  impeding  the  formation  of  electron  beams  with  a 
high  compression  of  Its  area  and  a  high  conductance  /2,3/. 
Location  of  the  whole  gun  in  a  correspondingly  selected 
magnetic  field  gives  the  possibility  to  decrease  consi¬ 
derably  the  spreading  of  the  beam, caused  by  the  thermal 
velocities, and  in  some  places  along  the  path  of  the  beam 
to  exclude  It  completely.  The  location  of  these  focusing 
points  , where  the  thermal  electrons  shape  m  a  certain 
scale  a  picture  of  the  cathode, can  be  determined  accord¬ 
ing  to  formula  (14)  of  article  /l/  by  the  following 

equality  ^  .  -  •  . -  .  -  . 

J n sa  I.  2,  3, ... .  (D 


L 


s.  1  -ratio  of  the  electron  charge  to  its 

I  - 

mass;  r^^  -  radius  of  beasii  at  the  cathode;  r^  -  variable 
iistanoe  of  the  electron, leaving  the  edge  of  the  cathode 
vrith  an  initial  velocity  zero,  to  the  beam  axis;  t-  tran¬ 
sit  time  of  this  electron  from  the  cathode  to  the  point 
of  the  beam  being  examined  ;  -  magnetic  induction 

on  the  cathode.  Formula  (1)  was  derived  for  a  paraxial 
electron  flovr  with  axial  symmetry, basically  lamlnar,wlth 
a  constant  current  density  in  the  crossectlon.  For  the 
derivation  of  formula  (1)  It  was  assumed  that  the  magne¬ 
tic  force  lines  go  along  the  trajectories  of  the  electr¬ 
ons  leaving  the  cathode  \^ith  a  zero  initial  velocity, and 
therefore  the  axial  component  of  magnetic  induction  Bj, 
varies  along  the  axis  of  the  beam  z  per 

(2) 

where  r^  is  a  function  of  z  . 

in  connection  with  the  multiplicity  and  seriousness 

of  the  assumptions  made  for  the  development  of  the  thermal 
electron  trajectory  equatlon,and  the  determination  of  the 
current  density  distribution  in  the  article  /l/,  an  ex¬ 
perimental  examination  of  the  derived  formulas  Is  desira¬ 
ble.  in  the  work  /4/  the  beam  diameter  on  the  anode  of 
a  Pierce  gun  ^^Ith  parallel  flow  (special  case  rQ-rj, 
in  condition  (1)  ), located  in  a  uniform  magnetic  field,  ^ 


•  3  * 


measured.  It  Beeaa  that  from  the  praotlcal  point  of 
Tleu  analosous  measurements  for  a  sun  with  convergent 
electron  beam  are  more  Interesting, since  this  forming 
system  enables  us  to  achieve  a  hls'ner  current  density. 

The  methods  and  results  of  an  Investigation  of  a 
Ilerce  gun  with  convergent  beam, located  In  a  magnetic 
field, are  described  below,  in  this  type  of  electron  guns 
between  the  cathode  end  anode  75/  Is  created  the  same 
type  electrleal  field  as  In  the  spherical  dlede, end  as  a 
result  of  this  the  electrons  after  leaving  the  cathode  , 
move  along  convergent  straight  lines.  After  entering 
through  the  opening  In  the  anode  Into  the  epaoe  free  from 
external  flelds.the  beam, originally  convergent, reachea 
Its  minimum  radius  .cud  then  due  to  Its  o-m  space 

cb.sii''^o  — 

The  integral  » contained  in  the  expres  - 

Sion  of  the  thermal  electron  tra.1eotory  and  the  condi¬ 
tion  of  focuslns(l),la  calculated  for  the  Pierce  gun  in 
the  v.'orh  of  Cutler  and  Hines  /2/ .  Substituting  Its  value 

into  (1)  v:e  obtain 

J-  *  (  y^In  )]  j  =  2sn,  It  =  1,  2,  3,  . ...  (3) 

Here  and  FJ  -curvature  radii  of  cathode  and  anode 

•  4  • 


^  in  the  equivalent  spherical  diode;  -beam  radius  at 
the  anode;  -  accelerating  voltage  at  the  gun  anode  ; 

-  Langmuir  -  Blogett  function  for  spherical 

diode, dependent  on  the  ratio  of  radii  r^  /  Tq^  /5/ 

‘  Function  -integral  of  probability  of  errors 

$(x)=r-Xje-*Vx.  <4) 

The  plus  sign  is  taken  in  formula  (5)»when  examining  a 
point  beyond  the  minimum  (  2  >0),the  minus  sign  -  for 

points  between  the  minimum  and  anode  (  s*<0). 

1 .  Creation  of  a  ITonhojnc^enjsqus Jli® — a 

m?_^b.rqeJ4^esj>tJZblchJ^e_^re.^^ 

Tra.IectprleSjL 

For  the  type  of  electron  gun  being  investigated  , 
the  beam  profile  r^iz)  can  be  easily  calculated  in  case 
of  absence  of  thermal  velocities, and  therefore  using 
formula  (2)  we  can  determine  the  required  course  of  the 
iiiagnetlc  field  along  the  electron  beam  axis  3^  (a)  •  The 
corresponding  arrangement  of  magnetic  materials  and  sour¬ 
ces  of  the  magnetic  field  can  be  determined  by  the  known 
methods  of  modeling  and  approximated  calculations. 

Evidently  the  realization  of  a  field  described  by 
formula  (2)  may  be  impossible  in  a  number  of  oa6es,e.g. 
where  sharp  bends  of  electron  trajectories  occur.as  at 

the  anode  of  the  Pierce  gun.  J 

L 
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VJ’a  can  , however* assume  that  small  deviations  of 
magnetic  force  lines  from  the  exact  course  do  not  exert 
a  considerable  Influence  on  the  Investigated  phenomenon  . 

Taking  the  above  in  oonsl- 
,  deration  a  simple  form  of 

o'  "i .  magnetic  screens*  as  shown 

■  •  A  ?  * 

.  “  *  . *  on  Fig*  1  *waa  used  for  ore- 

g 

'I . • . J  atlng  a  magnetic  field  in 

„JbamamiJk  ^  Plerce  gun. The  screens* 

shown  on  Pig.  la* are  two 

Pig,  1.  cylinders  with  a  diameter  D* 

made  of  a  material  of  high  magnetic  permeability  ^  and 
separated  by  a  narrow  gap. 

If  a  magnetic  field  is  produced  in  the  gap  by  an 
outside  coll  or  permanent  raagnet*the  magnitude  of  this 
field  in  direction  of  axis  z  can  be  expressed  with  satis¬ 
factory  exactness  for  yUs.oo  by  the  formula  /6/ 

/  B.^B„  .  (5) 

Here  Bgjjj  -  maximum  magnetic  field*  at  the  gap 
(  z  *  0)  . 

The  Pierce  gun  was  located  between  the  screens  in 
such  a  manner  that  the  minimum  beam  orosseotlon  was  exact¬ 
ly  at  the  gap*but  the  screen  diameter  D  was  selected  so 


that 


ch(2.635-)=-^, 
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Ir 

viiere  I  oqual  the  diatanoe  tr<M  the  eathode  to 

the  minimum  oros  section  of  the  beam » as  determined  by  the 
gtirt  eomputatlons  •  the  force  lines  of  the  magnetic  field  t 
selected  this  way, cross  the  respeetire  calculated  trajeo- 

* 

tones  of  the  nonthermal  electrons  In  two  points:  at  the 
cathode  plane  and  at  the  minimum.  Although  a  deviation  of 
the  force  lines  from  the  traieotorles  takes  place  along 
the  beam  at  other  points, it  is  not  great (  for  a  gun  xith 
rk  /J'k  *2.25  and  15*  it  does  not  exceed  10^  of  the 
radius  ) • 

For  screens  per  Fig.  la  the  plane  s  •  0  may  be 
substituted  by  a  plane  mimetic  sore«i,haTlng  infinite  per¬ 
meability,  and  the  field  structure  will  be  maintained. There- 
fore  the  requlx*ed  fltld  distribution  for  a^O  can  be  ob¬ 
tained  with  screens  shaped  per  Fig.  lb  ,  Such  screens  can 
be  used  in  the  case  when  it  is  required  to  "stabilize"  the 
electron  beam  to  one  side  of  the  minimum  only, for  exa^;)le 
in  case  of  a  gun  combined  with  a  magnetic  focusing  system. 

The  diameter  D  of  the  magnetic  screen  must  be  ma¬ 
de  smaller  with  the  increase  of  compression  ,and  with  shor¬ 
tening  the  distance  between  the  cathode  and  the  minimam. 
The  last  two  quantities  for  the  Pierce  gun  are  given  by 
the  ratio  and  perveance  of  the  beam  P*  • 

For  a  high  compression  and  high  perveance  the  calculated  j 
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diameter  D  of  the  screen  may  become  smaller  than  the 
gun  electrodes  (  in  particular  the  cathode  diameter  2r^  )• 
which  proves  the  Impossibility  of  using  screens  of  this 
shape. Fig*  2  shows  the  relationship  of  the  perveanoe  P 
and  compression  for  different  diameter  ratios  of 

screen  and  cathode  -  D/2r;c. 

A  Pis.  2.  curves  of  Pig.  2  are  de- 

<5  \  rived  on  the  basis  of  formu- 

1  i!  \  las  (5)  aad  (S), where  sjc  was 

I  \ 

«>*  < .  \  expressed  through  pezrveance  P 

\  with  the  aid  of  graphs  used 


^  3  S  f  ^ }  SW 


3SW  1,13  5  to* 

t  t  3  S-¥ 


2r;t 


for  computing  the  Pierce  gun, 
given  in  /5/«  The  curve  cor  - 
responding  to  D/2r]c  -  1  Is 
the  limit  case, which  Is  prac¬ 


tically  tmattalnable*  The  other  curves  may  be  easily  achie¬ 
ved.  Pig.  2  proves  that  the  requirement  of  a  high  besui  per- 
veance  impedes  the  achievement  of  a  high  compression. 

It  should  be  mentioned  that  curves  of  Fig.  2  are 
constructed  for  cylindrical  screens  only  .with  yW  ecso  .For 
stabilization  of  beams  with  parameters  higher  than  those 
shown  on  Fig.  2, screens  of  another  shape  must  obviously  be 
used* 


m  conducting  the  experimental  part  of  the  work 
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r 

basioallj  oylindrloal  aereana  alle^t  daTlatlona* 

vhlch  aometlnea  were  of  advantage  from  the  oonatruotlon 
point  of  View* were  used.  Screens  were  aanufaetured  of 
Araoo  Iron  •  The  aagnetlo  aeaaurements  on  the  soreen  axis 
‘were  made  by  the  balllatlo  method»uslng  measuring  ooila 
of  4-4.5  diameter  and  1  mm  length, with  o.o2  -  o.o3  mm 
windings. 

The  balllstie  ooila  had  two  windings, one  over  the 
other;  the  inner, less  sensltlTe  coll  was  used  for  measur¬ 
ing  the  magnetic  field  in  the  region  of  the  gap, but  both 
colls  connected  in  series, -for  measurings  at  the  cathode. 


Fig.  3  shows  the  principal  scheme  of  one  of  the  con¬ 
structed  apparatusea.  The  beam  1  , leaving  the  Pierce  gun 

2  ,  moves  along  the  whole  i)ath  from  the  cathode  in  the  mag¬ 
netic  field  Inside  screens  3  ,made  of  Armoo  iron.  The  mag¬ 
netic  screens  3  are  located  between  the  poles  of  electro¬ 
magnet  5>and  therefore  in  the  gap  4  a  magnetic  field  is 

produced,  the  fodrae  lines  of 
which  go  along  the  nominal 
electron  trajectories  in  the 
gun.  The  configuration  of  j 
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B«PdenB  in  ooxTesponds  to  Fig«  1  b  .fkd  gap  bet  - 

ween  them  is  located  opposite  that  point  of  the  beam  where 

the  minimum  orosseetion  should  be  »if  there  were  no  therm<* 

al  velocities. 

On  the  beam  path*also  at  the  place  of  minimum  rad¬ 
ius,  is  located  a  tantalum  target  6  ,in  the  shape  of  a  dise 
with  a  very  small  (  0*07  -  0.08  mm)  openlxig  7  in  the  cen¬ 
ter*  The  ourrent  passing  through  the  opening  and  oaught  by 
collector  8  ,iB  proportional  to  the  current  density  at 
the  location  of  the  opening  .With  variations  of  ourrent  in 
the  electromagnet  the  ourrent  density  at  the  taztcet  must 
vary  too, reaching  its  maximum  for  such  magnitudes  of  the 
magnetic  field  in  the  gun,whioh  satisfy  the  foeusizig  con¬ 
dition  (3). 

The  gun  investigated  in  this  apparatus  had  the  fol¬ 
lowing  parameters:  fk/f.  «2.25,  6  *15®  ,  \  «14.7  mm  # 

.  -6  ,  3/2 

r  s  0.38  am  ,  r^  fi2.25  aa,perveanee  P  «  o*4*10  a/v  • 
The  calculated  compression, ignoring  the  thermal  veloeities, 
is  34*  The  gun  eomputation  was  made  according  to  Pierce 
/5/, with  a  sorreetion  of  the  focusing  length  of  the  anode 
lens  per  /T/*  The  configuration  of  gun  electrodes  was  i 
foimd  with  the  aid  of  an  inclined  electrolytic  tub  /5/*All 
parts  of  the  gun,with  exception  of  the  oixide  coated  oatho- 
Lde  core  (nickel) ,  were  made  of  nonmagnetic  materials  .Each  J 


felactrode  was  fastsned  with  three  traverses  to  the  oommon”' 
ceramic  base  of  the  gun. 

The  complete  apparatus » except  the  electroaasnet  5 
poles, was  enclosed  in  a  glass  bulb  and  tested  under  va  - 
. cuum  and  fu8ed;the  high  vacuum  was  maintained  by  barium 
gas  absorbers. 

The  measured  ratio  of  the  field  at  the  minimum 
{  B  )  to  the  field  at  the  cathode  fluctuates  between  26 

'  ZDl  ' 

* 

to  52  for  variations  of  the  field  at  the  cathode  from  0 
to  85  gauss, reaching  the  maximum  for  a  field  of  B2j.*^gau8B. 

Pig*  4  illustrates  the  relation  - 
ship  of  the  collector  current 
to  the  magnetic  field  at  the 
cathode  different  acce¬ 
lerating  voltages:  1-  100,2-200, 

3-  300,4-  400  v.The  curves  show  , 
as  should  be  anticipated,  that 
the  current  density  at  the  measu¬ 
rement  point  of  the  beam  has  seve¬ 
ral,  periodically  repeating  maxima. 
The  distance  between  the  maxima 
Increases  with  increase  of  the  voltage. !^o  current  density 
at  the  maxima  Is  several  times  higher  than  during  absence 
of  the  magnetic  field  {  B^v  -0)  .  This  confirms  the  fact 

L  -I 
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thonnal  electron  focusing  at  some  magnitudes  of  the 


nagnetlo  field* 

The  quantitative  examination  of  the  focusing  con¬ 
dition  (3)  is  of  great  interest.  Substituting  the  gun  par- 


•ameters  into  formula  (3)  we  obtain  the  condition  ©f  foou- 
aing  of  thermal  electrons  in  the  plane  of  the  minimum  beam 
crosseotlon,  *l.G6n  .where  is  expressed  in 

gauss.  -  in  volts,  n-  an  Integer,  n  •  1,2, 3»..*  corres¬ 
ponding  to  the“order''of  focusing  .  On  Pig.  5  the  horlson- 
^  tal  dotted  lines  give  the  cal- 
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Pig*  5. 


culated  relationship  Bj^/N^a 
to  Uj^.bttt  the  points  corres¬ 
pond  to  the  maxima  of  curves 
le  (  B^)  The  experimental 
points  are  located  somevhat 
above^the  calculated  straight 


llnes.that  is  the  focusing  requires  a  somewhat  stronger 

magnetic  field  than  calculated.  But  this  difference  can  be 

regarded  as  small, considering  the  multiplicity  of  assump  - 

tlons  made  when  deriving  formula.  (3), end  the  inexactness 

of  beam  parameter  calculations.  It  should  be  pointed  out  , 

that  for  higher  anode  voltages  the  shape  of  the  curves, 

analogous  to  those  of  Pig.  4, becomes  somewhat  complicated; 

e.s.  the  maxima  vertices  double  slightly*  j 
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^  Therefore  a  more  detailed  Investigation  of  the 

beain»than  the  one  described  above,  appeared  necessary *For 
this  purpose  a  number  of  Instruments  were  constructed  , 
permitting  determination  of  current  density  distribution 
’In  different  orossectlons  along  the  beam*  Fig*  6  shows  t..e 

section  of  one  such  instru" 
ment*  The  beam  1  is  gene¬ 
rated  by  an  electron  gun  of 
the  same  type  as  before (see 
Fig*  3)*  The  gun  is  located 
In  a  magnetic  field,  produ-f 
oed  by  cylindrical  screens 
3  (analogous  to  Fig*  la), 
and  the  minimum  beam  cross- 
section  is  located  at  the 

sap.  The  screens  are  located  between  the  poles  of  an  el¬ 
ectromagnet  ,whloh  IS  outside  of  the  vacuum  bulb.The  beam, 
leaving  the  gun,  hits  the  tantalum  target  (6)  .which  can  ro¬ 
tate  around  axis  OOMocated  at  some  distance  off  the  com¬ 
mon  axis  of  the  gun  and  screens.  The  target  has  4  open  - 
ings  7  of  a  very  small  diameter  (  0.06  -  0.08  mm)*Each 
opening  is  located  at  a  different  distance  from  the  axis 

of  rotation. 

During  rotation  of  the  target  the  openings  pass  j 
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the  bean  one  after  the  other, and  even  If  the  tar- 
;et  aid  M*®  exactly  eentered,one  of  the  openlnga 
fill  pass  close  to  the  center  of  the  beam-aeoeasary  oondl- 
ilon  for  a  correct  meaaurement  of  the  distribution  of  cur¬ 
rent  density  in  the  bean.  The  current  passing  through  ope-  " 
ling  and  captured  by  collector  8  ,  gives  the  distribution 
,f  current  density  on  the  radius.  This  method  permits  the 
jxamlnatlon  of  very  small  diameter  axlally-symmetrloal 
Deans, vhere  an  impossible  high  exactness  of  mechanical 
issembly  vould  be  needed,  if  the  moving  target  had  only 

jne  opening. 

The  mechanism  of  the  instrument  moves  the  target 
simultaneously  with  rotation  (  1  mm  for  each  turn)  ,thus 
making  possible  the  examination  of  different  beam  sections 
3n  a  50  mm  length.  The  movement  is  transferred  into  the 
bulb  by  means  of  an  iron  armature  and  an  electromagnet  , 
rotated  by  an  eleotromotor.All  measurements  were  made 
automatically, and  the  collector  current  Iq  w®  registered 
cn  a  film  by  a  loop-oscillograph.  More  detailed  data  on 
this  method  of  measuring  current  density  are  given  In  /8/. 

Fig.  7  gives  the  characteristics  of  magnetic 
screens  , used  in  the  described  apparatus.  The  curve  3  gi¬ 
ves  Ba(a)  for  the  current  la«  0.8  in  the  electromagnet  , 
Lbut  curve  4-  the  respective  "Ideal  "  field, calculated  J 
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per  formula  (2);  ourre  1- 
Bj(  lij)  for  a  •  ;ottrve 
2—  relation 
to  I  •  As  may  be  seen^tho 
field  ratio 

somevhat  larger  than  need** 
ed  (  oaloulated  beam  oom- 
preaslon  is  ?4  ) 

Fig*  8  Shove  a  num¬ 
ber  of  oscillograms  'of  cur¬ 


rent  density  distribution  in  the  sane  plaee  -at  the  mlnl*^ 
mum  o3?o8Beotlon  of  the  beam  (  s*0)  •  Chese  curres  differ 


Pig.  8. 


on^y  through  the  currents  of  the  eleotromagnet»the  aagni-> 
tude  of  which  is  given  at  each  curve.  Measurements  were 
made  at  an  anode  voltage  of  200  v  and  1*1  ma  current*  The 


scale  of  the  curves  per  r  is  shown  above  curves  1  * 
L 


J 
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r  •  , 

The  oselllogramB  of  Fig*  8  lUuBtrate  very  clearly 

the  influence  of  the  magnetic  field  on  the  quality  of  the 
formed  beam.  The  flrat  ourre  shove  the  density  distribu¬ 
tion  of  current  in  absence  of  a  magnetic  field.  The  beam 
“has  indistinct  boundaries  and  a  lov  current  density*  due  to 
the  initial  thermal  velocities.  With  the  increase  of  the 
magnetic  field  the  current  density  increases, but  the  beam 
diameter  decreases.  Bie  beam  boundaries  become  distinct  , 
and  the  current  density  distribution  approaches  the  IT- 
type  (  for  1-,  r  0.7-0.8  a).  With  further  increase  of  the 
magnetic  field  the  focusing  disappears  and  the  beam  again 
loses  the  distinct  borderlines  (  curve  1*1  a), 

although  the  current  density  in  the  middle  of  the  beam  de¬ 
creases  only  insignificantly*  With  a  further  increase  of  ^ 
the  magnetic  field  the  focusing  appears  again  (  for 
Ijg  ::  1.7  a  )  etc. 

Some  peculiarities  of  the  shovn  curves  should  be 
mentioned.  With  approach  to  the  focusing  point  the  current 
density  distribution  acquires  an .  tineven,  nicked  shape 
Kith  peaks  at  the  edges  (  for  instance,  0.7  a), but 
with  tother  increase  of  Im  the  current  density  in  the  cen¬ 
ter  of  the  beam  becomes  higher  than  at  the  periphery  («hr- 
ves  Ij,  *0.75  -  0.85  a  )  •  fbls  oan.be  explained  by  the 

difference  of  thermal  electron  trajectorlesjleavlrg  the  ca- 
L  J 
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thod®  at  the  edgeB,and  the  central  electrone,tfhlch  la  not“l 
sonsldered  in  the  theory.  One  can  asatme  that  flrat  the 
peripheral  electrons  are  foonsedfand  after  this  the  cent¬ 
ral  electrons.  This  depend^ce  of  current  density 
listrlhutlon  on  ,regularly  repeated  itself  in  the  ▼!-  - 

amity  of  all  focusing  points  ♦independent  of  the  anode 
roltage  (  measurements  were  made  also  for  a  lOOv  and 

It  should  be  noted  that  between  the  focusing 
points  the  maatlmun  current  density  drops  llttle»ta3cos  pla¬ 
ce  only  a  more  shallow  drop  of  It  towards  the  edges.  The 
deep  depressions  in  the  collector  current  curves  on  Plg.4 
are  obviously  caused  by  a  slight  misalignment  of  the  ope¬ 
ning  m  the  target  with  respect  to  the  axis  of  the  beam  , 
otherwise  the  collector  current  would  change  only  very 
slightly  after  the  first  maximum. 

It  should  bo  remembered  that  since  at  the  focusing 
point  an  image  of  the  cathode  is  obtained, the  shape  of  the 
current  density  distribution  curve  at  this  spot  is  deter¬ 
mined  by  the  eurrent  density  distribution  over  the  cathode 
surface.  This  seems  to  explain  the  slight  asymmetry  and  un¬ 
even  shape  of  some  curves  and  also  the  doubling  of  the 
maxima  on  Fig.  5* 

Besides  the  described  ones  a  groat  number  of  curves 
were  ^^wn  J 
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'of  eumnt  d^uBlty  at  diffaront  dlatanoaa  fxom  the  gun  • 
aooeleratlog  Toltagee  froa  50  to  800  ▼  at  dlffeyeat 
nagnltudes  of  the  aagnetlo  field.  With  tooreaee  of  the 
distanoe  from  the  gnu  anode  the  current  denilty  eurres  be- 
“oome  sharper* and  the  ploture  deserlbed  above  apopeats  it¬ 
self :  the  outer  electrons  are  being  foeused  first  (  the  cur¬ 
ves  are  similar  to  Ijp  o*7  a  of  Fig#  8)  *and  aftenrards 
the  inner  electrons  (  as  for  3y-o#75**0.85  a.  With  decrea¬ 
se  of  voltage  and  increase  of  the  field  the  intervals  on 
axis  s  betveen  the  focusing  points  become  shorter# 

Based  on  the  obtained  oscillograms  (  approx.iSOO 
eurve8)the  condition  (1)  mas  examined>aB  far  as  the  -de^. 
pendence  on  the  regime  and  the  axial  distance  s‘  is  con¬ 
cerned.  The  focusing  points  calculated  per  (3)  are  shoun 
on  Pig.  9  in  full  lines, but  the  experimentally  determined  - 
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'  Th©  comparison  shows  that  condition  (1)  agrees 

satisfactorily  with  experimental  data.  The  points  shown 
on  Fig.  9  correspond  to  the  assumed  focusing  of  the  out* 
er  electrons  (  curves  are  analogous  to  sO.7  e  Flg«  8)* 
‘but  for  the  Inner  electrons  the  points  would  be  a  little 
to  the  right. 

An  apparatus  constructed  per  Fig.  6  with  another 
Pierce  gun  (  r^ 7?^  -  2*5  )  permitted  to  obtain  a  beam 
with  sharp  boundaries  at  a  compression  of  125  (  -600vt 

I  -5*9  ma  ) 


Conclusions. 

The  data  given  at)ov©  prove  that  the  oharaotsrlatlc.s 
of  an  eleotrostatlc  forming  system  can  bo  considerably  im¬ 
proved  If  It  is  located  in  a  magnetic  field  with  force 
lines  directed  along  the  electron  trajectories.  It  is  pos¬ 
sible  to  increase  considerably  the  current  density  In  the 
beam  and  to  obtain  distinct  boundaries  of  It, which  is  de¬ 
sirable,  especially  In  super-hlgh-^requency  equipment. 
Such  an  electron  beam, stabilised  by  the  magnetic  field  , 
can  be  used  for  example  in  combination  with  a  magnetic 
focusing  system  in  traveling-wave  tubes  ,backward-wav© 
tubes j etc.  But  as  shown  by  calculations* a  considerable 
increase  of  the  focusing  field, as  compared  with  a  gun 
Lwlthout  a  magnetic  field, Is  required,-by  approx.  2*5  to 
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*4  times  ,if  a  good  outline  of  tlio  beam  at  the  entrance 
to  the  focusing  field  is  required.  It  seems  that  the  app¬ 
lication  of  this  system  in  equipment  with  short  inter  - 
action  space  -  klystrons » retarding  field  oscillators » etc. 

"  In  this  case  it  is  obviously  possible  to  improve  the 
parameters  of  the  equipment# as  compared  with  the  used 
electrostatic  forming  systems.  For  producing  the  stabl 
Using  field  only  a  small  number  of  ampere-turns  is  re- 
qulred,and  the  configuration  of  the  magnetic  system  per¬ 
mits  the  use  of  permanent  magnets  of  satisfactory  light 
weight# 
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